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SUMMARY 

The boundary collocation method was used to generate Mode I stress intensity 
and crack mouth displacement coefficients for internally and externally 
radially cracked ring segments (arc bend specimens) subjected to three point 
radial loading. Numerical results were obtained for ring segment 
outer-to-inner radius ratios (Ro/Ri) ranging from 1.10 to 2.50 and crack 
length-to-width ratios (a/W) ranging from 0.1 to 0.8. Stress intensity and 
crack mouth displacement coefficients were found to depend on the ratios 
Rq/R-,- and a/W as well as the included angle between the directions of the 
reaction forces. 


NOMENCLATURE 

a crack length 

B specimen thickness 

E Young's modulus 

E' = E/(l - v^) for plane strain, E' - E for plane stress 

K Mode I stress intensity factor 

M crack plane moment at nominal neutral axis position 

M = P tan 0 (Rj Rq internally cracked segments 

M = P tan 0 (R^ Rq - externally cracked segments 

P applied load (Fig. 1) 

Rj ring segment inner radius 

Rq ring segment outer radius 

V total crack mouth displacement 

W ring segment width (Rq - R^-) 

R,e polar coordinate system 

01 angle defining ring segment half span (Fig. 1) 

02 angle defining ring segment boundary BC 





V 


Poisson's ratio 


x(R,e) Stress function 


INTRODUCTION 

There are many applications for tubular product forms, in particular high 
performance rolling element bearing races such as are used in jet engines, for 
which measurement of the plane strain fracture toughness, Kic, is highly 
important in the assessment of reliable endurance. It is often convenient and 
economical to test arc-shaped specimens machined from rings cut from bearing 
races or cylindrical blanks for this purpose. While there is a U.S. standard 
test method for testing arc-shaped specimens by loading them by means of pins 
inserted through holes bored through the wall thickness, this is impracticable 
for thin-walled tubes or rings because the greatest loading pin diameter that 
could be used would be to small to transmit the necessary load. For such 
thin-walled specimens an alternative test procedure of loading the arc-shaped 
specimens in three-point bending is appropriate and satisfactory, given only 
that an accurate fracture mechanics analysis is available. The purpose of 
this report is to provide the necessary results of fracture mechanics analysis 
in the form of stress intensity and crack mouth displacement coefficients for 
a sufficiently wide variety of combinations of the significant geometrical 
variables: ratio of outer to inner radius, Rq/Ri; ratio of crack depth to 
wall thickness, a/W = a/(RQ - R-j); and the included angle subtended by the 
support points at the center of curvature. The data is given here in tabular 
form for ready reference and convenience of interpolation. 

METHOD 

The analytical solution was obtained by the boundary collocation method (1) 
with the ring segment modelled as shown in Figure 1. The stress function 
boundary conditions along boundary BC, defined by the angle e, less than 
01 , were obtained from the known stress function solution to the bending 
of a curved bar by radial forces (2). From the boundary requirements along 
AB and CD, that the normal and shear stresses be zero, we obtained the stress 
function and its normal derivative compatible with that along boundary BC (see 
appendix) . 


RESULTS AND DISCUSSION 

The primary results are given in tables 1 to 10 in the form of dimensionless 
stress intensity coefficients KBW^^^/P, KBW^/^/P tan e and KBW^^^/M; 
and the crack mouth displacement coefficient EBVW/6M. Each table covers one 
value of Rq/Ri : 1.1, 1.25, 1.5, 2.0, or 2.5; tables 1 through 5 for 

internally cracked specimens, and 6 through 10 for external cracks. The major 
variable in each table is a/W, from 0.1 to 0.8 at intervals of 0.1. For each 
value of a/W results are given for values of the angle e, at intervals of 
9 from 90 down to 36* or less. 

It is notable that the coefficient KBwl/2/p -fs ^ strong function of ei, 
but the dependence of KBW^'^/P tan 01 is much weaker, as is that of the 
other coefficients. The reason for this is that the bending moment is 
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proportional to P tan 01 . Nevertheless, this weaker dependence of the 
coefficients on 01 is by no means negligible, and needs to be taken into 
consideration in the design of an efficient testing arrangement. 

The coefficints given in Tables 1 through 10 are not well suited for direct 
interpolation since they all increase rapidly and indefinitely as a/W 
approaches unity. The following coefficient forms are much more suitable for 
least squares fitting: KB(W - a)^'^/PW tan e^; KB(W - a)^'^/M(a/W)^' 

and EBVW(W - a)^/M(W An example is given in Table 11 where values 

of KB(W - a)3/2/M(a/W)^' ^ for internally and externally cracked curved 
bars with Rg/Ri =1.1 and 2.5 are compared with those for a straight bar 
(reference 3). The results for the straight bar include the limit cases for 
a/W = 0 and 1.0, obtained by asymptotic analysis, and illustrate very clearly 
the advantages of this particular form of stress intensity coefficient for 
interpolation purposes. 

Table 11 also serves to show the trend of the stress intensity coefficient 
with specimen curvature. In dimensionless terms the curvature can be defined 
as the ratio of specimen depth, Rg - R^, to the radius of curvature of the 
cracked surface, Rj for the inner surface, and -R_ for the outer surface. 

The general trend is for the stress intensity coefficient to decrease as the 
curvature decreases, as illustrated particularly by the results for a/W = 0.1. 
For the other values of a/W there is an anomaly in this trend insofaras the 
stress intensity coefficient for zero curvature (straight bar) is slightly 
lower than both that for slightly positive curvature, 0.1, and for slightly 
negative curvature, -0.091. There is no apparent mechanical explanation for 
this anomaly, and it seems most likely to be due to the (unavoidably) different 
boundary conditions used in the collacation analysis for the curved bars 
compared with those for the straight bar. 

Apart from this anomaly, the effect of curvature diminishes with increasing 
relative crack depth from a factor of 1.88 over the range of curvature 
considered for a/W = 0.1, to a factor of 1.16 for a/W = 0.8. At all crack 
lengths the effect is stronger for external than for internal cracks. 

APPENDIX 

The results presented herein were obtained by plane el asto-static boundary 
collocation analysis of a homogeneous isotropic body. The analytical 
technique is described in detail by Gross and Mendel son (1) and Gross and 
Srawley (4). The boundary conditions to be satisfied by the stress function 
and its normal derivative were obtained from the known solution to a curved 
bar subjected to an end radial load (2). For a ring-segment containing an 
internal radial crack as shown in figure 1, we have the following stress 
function boundary conditions: 

along arc AB 


X(Ri,0) = 0 


ax 

an 


f^i ,0 


= 0 
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For a ring segment containing an external radial crack as shown in figure 1, 
we have the following stress function boundary conditions: 

along arc AB 

x(Ro,0) = 0 

3X 

an Rg.e = ® 
along BC 
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along arc CD 


PR^- sin( 0 j - 0 ) 
2 cos 0 j^ 

-P sin( 0 j - 0 ) 

2 cos 0 j^ 
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TABLE I STRESS INTENSITY AND DISPLACEMENTS COEFFICIENTS FOR INTERNALLY 

CRACKED RING SEGMENTS WITH RATIO OF OUTER TO INNER RADIUS = 1.10 


RING SEGMENT INTERNAL CRACK 

CRACK TO WIDTH R A T IO( A/W) =0 . 1 0000 OUTER TO INNER RADIUS RATIO(RO/RI ) = 1 . 1 0 0 0 0 

AVERAGE VALUES 

KBVB^P KBVCi/PTANGj KB-U««1.5/M EBVW/6M 

3.75075 0.59821 

12A. 71982 19.75365 3.7A477 0.59773 

60.69350 19.72050 3.738'»8 0.59721 

38.63J55 19.68375 3.73152 0.59669 

27.03290 19.69055 3.72353 0.59597 

19.58611 19.58611 3.71301 0.59512 

19.17572 19.51117 3.69880 0.59395 

9.88199 19.39999 3.67668 0.59219 

6.22953 19.17252 3.63960 0.58869 

3.81178 18.80318 3.56959 0.58299 

RING SEGMENT INTERNAL CRACK 
CRACK TO WIDTH R A T IO( A/M) =0 . 200 00 OUTER TO INNER RADIUS R AT IO( RD/R I) = 1 . 1 0 0 0 0 

AVERAGE VALUES 

KB'AI/P KBVQ/PTAN6j KB-U«kI.5/M EBVW/6M 

5.15325 1.29076 

172.07825 27.25999 5.14236 1.23869 

83.69902 27.19382 5.13091 1.23652 

53.23891 27.12656 5.11822 1.23911 

37.22768 27.09799 5.10331 1.23129 

26.99785 26.99785 5.08951 1.22772 

19.97913 26.81075 5.05863 1.22281 

13.55199 26.59717 5.01839 1.21517 

8.S099S 26.19092 9.99168 1.20062 

5.17290 25.51500 9.81915 1.17695 

RING SEGMENT INTERNAL CRACK 
CRACK TO WIDTH R AT IO( A/U) = 0 . 3000 0 OUTER TO INNER RADIUS RATI0(R0/RI ) = 1 . 10000 

AVERAGE VALUES 

Qj KBVu/P KB'/W/PTAN0^ KB'W^l.S/M EBVU/6M 

9Q 00 6.69009 2.22800 

81.00 229.95135 35.59958 6.67598 2.22377 

72.00 109.16805 35.970S3 6.66119 2.21952 

63.00 69.99919 55.38359 6.69930 2.21939 

59.00 98.56006 35.28093 6.62553 2.20859 

95.00 35.15163 35.15163 6.60125 2 20129 

36.00 25.90987 39.97365 6.56783 2.19129 

27.00 17.67873 39.69699 6.51578 2.17558 

18.00 11.10228 39.16927 6.91677 2.19580 

U.96 6.79897 33.29210 6.25209 2.09626 


RING SEGMENT INTERNAL CRACK 
CRACK TO WIDTH RAT IO(A/U)sO . 90000 OUTER TO INNER RADIUS R AT 10< RO/R I) * 1 . 1 0 0 0 0 

AVERAGE VALUES 

KDVQ/P KB-/Q/PTAH0J KB-U»«1.5/M E0VU/6M 

8.61795 3.77627 

290.51636 96.01326 8.60062 3.76916 

191.32299 95.91858 8.58292 3.76168 

89.91931 95.81560 8.56350 3.75338 

62.88721 95.69022 8. 59029 3.79369 

95.55973 95.53973 8.51117 3,73135 

32.92793 95.52079 8.97117 3.71995 

22.92225 99.98795 8.90887 5 68812 

19.91131 99.55391 8.29036 3.63S03 

8.77798 93.29557 8.09320 3.55970 

RING SECMCHT INIERNAU CRACK 
CRACK TO WIDTH R AT 10( A/W) = 0 . 500 0 0 OUTER TO INNER RADIUS RAT IO( RO/R 1) ^ 1 . 1 0 0 0 0 

AVERAGE VALUES 

KBVU/P KBVW/PTANOj KB'U*"l.5/M EBVW/6M 

11.39689 6.91719 

386.12599 61.15636 11. 37793 6.90528 

187.89017 61.09918 11.35800 6.392S1 

119.58269 60.93059 11.33590 6. 37898 

85.67133 60.79076 11.50992 6.36272 

60,6192.1 60.61981 11.277 18 6.39225 

93.86327 60.37262 11.23212 6.31905 

30,56920 59.99599 11.16195 6.27019 

19.26056 59.27799 11.02896 6.18662 

11.77985 58.08917 10.80637 6.09767 

RING SEGMENT INTERNAL CRACK 
CRACK TO WIDTH R A TIO ( A/W) = 0 . 69 000 OUTER TO INKER RADIUS RA T IO(RO/R I) = 1 . 1 0 0 0 0 

AVERAGE VALUES 

KByO/P KB^Q/PIAN0J KD-W-'1.5/M EBVW/6M 

90.00 15,78901 11.08025 

81.00 537.91931 85.11809 15.76262 11.06670 

72.00 261.59253 89.99666 15.79015 11.05295 

63.00 166.55112 89.86200 15.71519 11.03665 

59.00 116.58969 89.70379 15.68588 11.01808 

95.00 89.50926 89.50926 15.69895 10.99967 

56.00 61.19699 89.22979 15.59811 10.96297 

27.00 92.69933 83.50222 15.51393 10.91230 

18 00 26.96971 82.98899 15.36832 10.81688 

11.96 16.59918 81.63582 15.11775 I0.65f.l2 


RING SEGMENT INTERNAL CRACK 
CRACK T2 WIDTH R A T IO( A/W ) = 0 . 7 000 0 OUTER TO INNER RADIUS RA T IO< RO/RI ) = 1 . 1 0 0 0 0 

AVERAGE VALUES 

KBVW/P KByW/PTAN0j KB'W»*1.5/M E8VW/6M 

26.32671 22.67525 

852.99800 131.89688 26.30353 22 66359 

905.37569 131.71671 26.27917 22.61028 

258. 21680 131.56818 26.25217 22 575^8 

180.85106 131.39597 26.22063 22.52997 

131.17896 131.17S96 26.18066 22 67527 

95.09003 130.88025 26.12537 22 60006 

66.66979 1 30.91501 29 03965 22 2r.-'.Sl 

92.0G689 129.53308 23.87650 22.055SO 

25.95989 128.05777 23.60509 21.68853 

RING SEGMENT INTERNAL CRACK 
CRACK TO WIDTH RAT 1 0 ( A/W) -0 . 80 000 OUTER TO INNER RADIUS R AT IO( RO/RI ) = 1 . 1 0 0 0 0 

AVERAGE VALUES 

0j KBVu/P KB-yft/PrAN0j KB'W«»fl.5/M EDVW/6M 

9000 96.10613 55.86958 

81 00 1516.51665 260.19237 66.07195 55.78879 

72.00 738 66797 260.00500 66.03312 55 72631 

63.00 670.66063 239.80562 66.00063 55 65392 

56.00 329.75067 239.55339 63.95653 55.57059 

95.00 239.26069 239.26066 63.90099 55 66555 

36.00 173.55029 238.86378 63 82956 55 3''105 

27.00 121.36661 238.19501 63.70566 55 09SS9 

18.00 76.99309 236.96059 63.67896 56.667A5 

11.66 67.62026 236.90676 63.10213 53.95517 


90.00 
81 .00 
72 , 00 

63.00 

55 . 00 

95 . 00 

36.00 

27 . 00 

18.00 
11 .96 


90 . 00 
81 . 00 

72.00 

63.00 

59 .00 

95.00 
36 .00 

27 .00 

18.00 
11.96 


1 

90.00 

81.00 

72.00 

63.00 

59.00 
95-00 
36 - 00 
27 , 00 

18.00 
11-96 


90 . 00 
81 . 00 
72 . 00 
63 . 00 
56 . 00 

65.00 

36 . 00 

27.00 

18.00 
11.66 


“1 

90 . Q 0 
81 . 00 

72.00 

63.00 

56 .00 

95.00 
36 .00 

27.00 

18.00 
11.96 



TABLE 
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STRESS INTENSITY AND DISPLACEMENTS i 

COEFFICIENTS 

FOR INTERNALLY 




CRACKED RING SEGMENTS 

WITH RATIO OF 

OUTER TO INNER RADIUS = 1.25 





RING 

SEGMENT INTERNAL CRACK 



CRACK 

TO 

WIDTH RATIO(A/W)=0. 10000 OUTER 

TO INNER RADIUS RATIO ( RO/RI ) =1 

.25000 




AVERAGE 

VALUES 






®1 

KB-4J/P 

KBVn/PTANd^^ 

KB-W»»1.5/M 

EBVU/6M 




90.00 



3.80999 

0.58693 




81.00 

59.98929 

8.63026 

3.79352 

0.58989 




72.00 

26.93990 

8.59085 

3.77620 

0.58327 




6S.00 

16.77975 

8.59717 

3.75700 

0.58197 




59.00 

11.69399 

8.99582 

3.73992 

0.57936 




95.00 

8.93111 

8.93111 

3.70598 

0 . 57670 




56.00 

6 . 06085 

8.39205 

3.66683 

0.57303 




27 . 00 

4 .17981 

8.20339 

3.60586 

0.56733 




18.00 

2.57969 

7.93998 

3.98988 

0.55697 





RING 

SEGMENT INTERNAL CRACK 



CRACK 

TO 

WIDTH RATIO(A/W)sO. 20000 OUTER 

TO INNER RADIUS RAT IO<RO/RI )«I 

.25000 




AVERAGE 

VALUES 






®1 

KBsfl/P 

KB'fl/PTANe^ 

K8-W>»>ll.5/M 

EBVU/6M 




90.00 



5.33397 

1.29359 




81.00 

77.05823 

12.20983 

5.30695 

1.28893 




72.00 

37.35775 

12.13827 

5.27751 

1.28301 




65.00 

23.67789 

12.06950 

5.29593 

1.27700 




59.00 

16.98598 

11.97776 

5.20772 

1.26993 




95.00 

11.86898 

11.86898 

5.16020 

1.26103 




36.00 

8.51367 

11.71806 

5.09980 

1.29878 




27.00 

5.85127 

11.98377 

9.99299 

1.22970 




18.00 

3.58651 

11.03813 

9.79919 

1.19390 





RING 

SEGMENT INTERNAL CRACK 



CRACK 

TO 

WIDTH RATIO(A/W):0. 30000 OUTER 

TO INNER RADIUS RAT IO( RO/RI >= 1 

.25000 




AVERAGE 

VALUES 






®1 

KB'Jti/P 

KB-^/PTANGi^ 

KB-W«»1 . 5/M 

EBVU/6M 




90.00 



6.85762 

2.30933 




81.00 

100.19928 

15.66209 

6.82290 

2.29979 




72.00 

98.55397 

15.77600 

6.78537 

2.28965 




63.00 

30.77980 

15.68055 

6.79932 

2.27397 




59.00 

21.92798 

15.56836 

6.69606 

2.26033 




95.00 

15.92698 

15.92698 

6.63526 

2.29377 




36 . 00 

11.06697 

15.23239 

6.55156 

2.22098 




27 . 00 

7.60686 

19.92930 

6.92120 

2. 18597 




18.00 

9.66351 

19.35281 

6.17325 

2.11799 






RING 

SEGMENT INTERNAL CRACK 




CRACK 

TO 

WIDTH RATIO(A/U)=0. 90000 OUTER 

TO INNER 

RADIUS RATIO(RO/RI)=l 

.25000 




AVERAGE 

VALUES 








KB-^/P 

KB^ti/PTANeJ 

KB-W«»1.5/M 

EBVU/6M 




90.00 



8 . 78090 


3.89351 




81.00 

129.68169 

20.53959 

8.79029 


3.87397 




72.00 

62.90503 

20.93906 

8.69799 


3.85290 




63.00 

39.89539 

20 .32770 

8 .65010 


3.82909 




59 .00 

27.79851 

20.19681 

8.59939 


3.80158 




95.00 

20 .03183 

20 . 03183 

8.52919 


3.76697 




36 .00 

19 . 38903 

19.80978 

8.92757 


3.71935 




27.00 

9.91086 

19.95113 

8.27708 


3.69516 




18.00 

6 .10199 

18.77896 

7 . 99089 


3.50906 





RING 

SEGMENT INTERNAL CRACK 




CRACK 

TO 

WIDTH RATIO(A/U):0. 50000 OUTER 

TO INNER 

radius RAT10(RO/RI):l 

.25000 




AVERAGE 

VALUES 







®1 

KBvtj/P 

KB-^/PTANGj 

KB'U*"*! .5/M 

E6VU/6M 




90 . 00 


11.56313 


6.59220 




81.00 

172.71581 

27.35597 

11.51810 


6.51223 




72.00 

83.89559 

27 . 29306 

11.97077 


6.98071 




63.00 

53.22292 

27 . 11891 

11.91829 


6.99578 




59 .00 

37 . 12366 

26.97191 

11.35661 


6.90971 




95.00 

26 . 78728 

26 . 7S728 

11.27888 


6 . 35296 




36.00 

19.27750 

26.53319 

11 . 17189 


6.28173 




27.00 

13.31771 

26 . 13799 

1 1 .00525 


6 . 1 7078 




18.00 

8.29799 

25.38966 

10 . 68829 


5.95976 





RING 

SEGMENT INTERNAL CRACK 




CRACK 

TO 

WIDTH RATIO(A/U)=:0. 60000 OUTER 

TO INNER 

RADIUS RATIQ(RQ/RI)=1 

.25000 




AVERAGE 

VALUES 







«1 

KBvR/P 

KO'/j/PTANGj 

KB-U««1.5/M 

EBVU/6M 




90.00 



16.08852 


11 .59285 




81 .00 

293.05917 

38.99599 

16 .03998 


11 . 59623 




72.00 

118.10152 

38.37399 

15.95897 


11 .99720 




63.00 

75.09575 

38.23769 

15. 93239 


11 .99286 




59 .00 

52.90999 

38.07808 

15.86589 


11 . 37897 




95.00 

37.87697 

37.87697 

15 . 78208 


1 1 .29596 




36 .00 

27 .31810 

37.60013 

15 . 66679 


11.18766 




27.00 

18.93859 

37 .16898 

15 . 98709 


11.01509 




18 .00 

11.81097 

36 . 39888 

15. 19537 


10.68683 




RING 

SEGMENT INTERNAL CRACK 



CRACK TO WIDTH RATIOC A/U) =0 . 70000 OUTER 

TO INNER 

RADIUS RAU0(R0/RI) = 1. 25000 


AVERAGE 

VALUES 





KBVB/P 

K6^/PTANe| 

KB-UK»1 .5/M 

E6VW/6M 

90 . 00 


29.59856 


22.91797 

81.00 

375.79932 

59.52086 

29 . 59968 


22.89229 

72.00 

182.76360 

59.38399 

29.98801 


22.76311 

63.00 

116.29776 

59.23116 

29.92522 


22.67592 

59 .00 

81.27831 

59.05211 

29.35138 


22.57230 

95.00 

58.82651 

58.82651 

29.25832 


22.99290 

36.00 

92.51936 

58.51601 

29.13028 


22.26360 

27.00 

29.56899 

58.03232 

23.93085 


21.98511 

18.00 

18.55695 

57.11290 

23.55150 


21.95537 


RING 

SEGMENT INTERNAL CRACK 



CRACK TO WIDTH RATIO(A/M)=0 .80000 OUTER 

TO INNER 

RADIUS RATIO(RO/RI):l. 25000 


AVERAGE 

VALUES 





kbVw/p 

KEVO/PTANGj 

KB-Uv«1.5/M 

EBVW/6M 

90.00 



99 .51508 


56 .30098 

81.00 

687 . 53125 

108.89935 

99.99666 


56.16556 

72.00 

339.59961 

108.71802 

99 . 37968 


56.02315 

63.00 

212 . 98755 

105.52259 

99.29988 


55.86530 

59 .00 

199.05222 

108.29276 

99.20113 


55.67972 

95.00 

108.00322 

105.00322 

99 . 08292 


55.99535 

36 . 00 

78 . 17937 

107.60971 

93.92026 


55. 12901 

27.00 

59.51105 

106 . 98598 

93.66692 


59.62270 

18.00 

39 . 37758 

105.80533 

93.15503 


53.66916 



TABLE 3 STRESS INTENSITY AND DISPIACEMEHTS COEFFICIENTS FOR INTERNALLY 

CRACKED RING SEGMENTS WITH RATIO OF OUTER TO INNER RADIUS = 1 . SO 


RING SEGMENT INTERNAL CRACK 

CRACK TO UilDTH RATIOt A/U) = 0 . 10000 OUTER TO INNER RADIUS RATI0(R0/RI ) = 1 . 50000 

AVERAGE VALUES 

0^ KB-Ai/P KB>JQ/PTAK9 j^ KB-W»m1.S/M EBVU/6M 

00.00 4.0720<; 0.63060 

81.00 32.51706 5.15020 A. 03937 0.62720 

72.00 15.71590 5.106<i0 A. 00502 0.62362 

63.00 9.92661 5.05786 3.96695 0.61965 

59.00 6.88300 5.00079 3.92219 0.61998 

95.00 9.92385 9.92888 3.86579 0.60910 

36.00 3.50913 9.82990 3.78816 0.60101 

27.00 2.38291 9.67579 3.66725 0.58890 

RING SECMEHT INTERNAL CRACK 

CRACK TO WIDTH R AT IO( A/U) : 0 . 20000 OUTER TO INNER RADIUS R ATI 0 ( RO/RU : I . 50 00 0 

AVERAGE VALUES 

0^ KBVQ/P KB'/li/PTAN6j KB-M»»I.5/M EBVW/6M 

90.00 5.57158 1.35877 

81.00 95.29822 7.17953 5.51887 1.39660 

72.00 21.85918 7.10299 5.96395 1.35381 

63.00 13.78267 7.02262 5.90201 1.31962 

59.00 9.53658 6.92873 5.32979 1.30295 

95.00 6.81095 6.81093 5.23879 1.28199 

36.00 9.82976 6.69760 5.1 1355 1. 25302 

27.00 3.25789 6.39598 9.91895 1.20798 

RING SEGMENT INTERNAL CRACK 

CRACK TO WIDTH R ATI 0( A/U) =0 . 5000 0 OUTER TO INNER RADIUS R ATI 01 RO/R I) = 1 , 50 0 00 

AVERAGE VALUES 

0j KB-JQ/P KB-^/PIANOj^ KB-Ws-l.S/M EBVW/6M 

90.00 7.08236 2.39557 

81.00 58.70255 9.29758 7.01709 2.37552 

72.00 28.35990 9.20657 6.99856 2.55299 

63.00 17.87093 9.10570 6.87222 2.52907 

59.00 12.36970 8.95711 6.78273 2.30160 

95.00 8.83768 8.83768 6.66995 2.26699 

56.00 6.27153 8. 63202 6.51975 2.21959 

27.00 9.23501 8.31168 6.27297 2.19513 


RING SEGMENT INTERNAL CRACK 

CRACK TO WIDTH RAT IO( A/U)=0 . 9000 0 OUTER TO INNER RADIUS R ATIO ( RO/R I) = 1 . 50 0 00 

AVERAGE VALUES 

K8^/P KBVm/PTAN0j^ KB-MA»«1.5/n E8VM/'6n 

90.00 9.00296 5.95939 

81.00 76.11835 12.05596 8.95039 3.92059 

72.00 36.78937 11.95360 8.85951 3.87939 

63.00 23.23752 11.89012 8.77096 3.63388 

59.00 16.11292 11.70672 8.67169 3.73099 

95.00 11.53863 11.53563 8.59713 3.71310 

36.00 8.21521 11.30727 8.37575 5.62092 

27.00 5.57773 10.99692 8.10883 3.97606 

RING SEGMENT INTERNAL CRACK 

CRACK TO WIDTH R AT IO( A/U ) =0 . 5000 0 OUTER TO INNER RADIUS RAT I D ( RO/R I ) = 1 . 50 0 0 0 

AVERAGE VALUES 

KB-^W/P KBAi/PTAN0j KB-W<»»1.5/M EBVM/6M 

90.00 11.77301 6.69009 

81.00 101.52071 16.07927 11.69909 6.63300 

72.00 99.13556 15.95513 11.61100 6.57303 

63.00 31.08990 15.83356 11.51896 6.50555 

59.00 21.59511 15.63978 11.91075 6.92390 

95.00 15.50230 15.50250 11.27990 6.32991 

36.00 11.07550 15.29926 11.03675 6.19937 

27.00 7.56255 19.89235 10.79993 5.98326 

RING SEGMENT INTERNAL CRACK 

CRACK TO WIDTH R AT IO( A/U ) = 0 . 6 000 0 OUTER TO INNER RADIUS R AT 1 0( RO/R I) = 1 . 5 U 0 0 0 

AVERAGE VALUES 

Oj KB'/U/P KB-/U/PTAN0J KB^U«Kl.5/M EBVW/6M 

90.00 16.31090 11.76917 

81.00 193.93523 22.71790 16.22707 11.63100 

72.00 69.53867 22.59997 16.13392 11.59359 

63.00 99.07567 22.95766 16.09120 11.99659 

59.00 30.63896 22.29683 15.92633 11.38261 

95.00 22.09913 22.09918 15.78157 11.23900 

36.00 15-89972 21.81525 15.53239 11.09159 

27.00 10.89907 21.38080 15.27202 10.73397 


RING SEGMENT INtEfiNAl CRACK 

CRACK TO WIDTH R A T 10( A/M) = 0 . 700 00 OUIER TO INNER RADIUS R AT 1 0 ( RO/R I) = 1 . 50 0 0 0 

AVERAGE VALUES 

0j KB^/P KBJU/P1AN0J KB-U* ■« 1 . 5/M EBVU/6M 

90-00 29.85602 23.15607 

81-00 222-81398 35.29015 29.76500 23.C2518 

72.00 108-19237 35.15381 29.66935 22. $8750 

63-00 68-69662 35.00266 29.56325 22.759S8 

59.00 97.95298 39.82997 29.93357 22.55550 

95-00 39.60109 39.60109 29.28195 22.32999 

36-00 29.91527 59.29299 29.06522 22-01333 

27.00 17.22855 33.81293 23.72838 21.53379 

RING SEGMENT INTERNAL CRACK 

CRACK TO WIDTH R AT 10( A/U> = 0 . 80 0 00 OUTER TO INKER RADIUS R A T I 0( RO/ R I > = 1 . 50 0 0 0 

AVLRAGC VAIUES 

0J KB-JW/P KB-JU/PTAN0J KB-U"'*! . 5/M EBVU/6M 

90.00 95.15500 56.91699 

81.00 912.96929 65.32869 95.05928 56.69568 

72.00 200.55361 65-17516 99.99835 56.96352 

63.00 127.57953 65.00993 99.83093 56.20618 

59.00 89.19620 69.80981 99.69293 55.90363 

95 00 69.55266 69.55266 99.51906 55.52292 

36.00 96.69S09 69.20563 99.27979 59.99773 

27.00 32.93895 63.66509 93.90691 59.18097 



TABLE 

A 

STRESS IHTEMSiTt AHD DISPLACEMENTS COEFFICIENTS 

FOR INTERNALLY 



CRACKED RING SEGMENTS 

UITH RATIO OF 

OUTER TO INNER RADIUS = 2.00 




RING 

SEGMENT INTERNAL CRACK 


CRACK 

TQ 

UIDTH RATIO(A/U)=0.10000 OUTER 

TO INNER RADIUS RATIOC RO/RI ) =2 . 00000 




AVERAGE 

VALUES 





“i 

KB-/(ii/P 

KBVD/PTAN6j 

KB~W«»1.5/M 

EBVU/6M 



90.00 



6.66637 

0 .69771 



B1 .00 

21.51981 

3.60861 

6.39796 

0. 69007 



72.00 

10.32339 

3.35627 

6.32809 

0.68205 



63.00 

6.66536 

3.29627 

6.25067 

0 . 6731S 



54 . 00 

6.63708 

5.22373 

6.15965 

0.66269 



AS . 00 

3.13686 

3.13686 

6.06695 

0.66950 



36.0 0 

2.18871 

3.01250 

3.88709 

0.63136 



31.50 

1.79517 

2.92966 

3.77995 

0.61905 




RING 

SEGMENT INTERNAL CRACK 


CRACK 

TO 

UIDTH RATIO(A/M)sO. 20000 OUTER 

TO INNER RADIUS RAT 10 ( RO/R I } :Z . 0 0 0 0 D 




AVERAGE 

VALUES 





*1 

KB-AI/P 

KB-41/PTANdj 

K8-WHX1.5/M 

EBVW/6M 



90 . 00 



5.96029 

1.67676 



SI . 00 

29.60886 

6.68958 

5.86198 

1.65669 



72.00 

16.17856 

6.60689 

5.75862 

1.63319 



63.00 

8.86163 

6.51522 

5.66603 

1.60957 



SA.OO 

6.06635 

6.60766 

5.50933 

1.38181 



65.00 

6.27168 

6.27168 

5.53959 

1.36682 



36.00 

2.96776 

6.08678 

5.10598 

1.29867 



31.50 

2.62562 

3.95793 

6.96761 

1.26599 




RING 

SEGMENT INTERNAL CRACK 


CRACK 

TO 

UIDTH RATIO(A/U):0. 30000 OUTER 

TO INNER RADIUS RATI0( RO/Rl ) *2 . 00000 




AVERAGE 

VALUES 





®1 

KB^/P 

KB^/PTAN6j 

KB-Ua* 1.5/M 

EBVM/6M 



90 . 00 



7.63880 

2.56918 



81.00 

38.16632 

6.06179 

7.32538 

2.52999 



72.00 

18.28653 

5.96166 

7.20201 

2.68879 



63.00 

11.66532 

5.83066 

7.06767 

2.66311 



56.00 

7.86563 

5.70019 

6. 90932 

2.38961 



65.00 

5.53577 

5.53577 

6.71002 

2.32175 



36.00 

5.85756 

5.30967 

6.63572 

2.22862 



51.50 

3.15952 

5.15587 

6.26955 

2.16561 





RING 

SEGMENT INTERNAL CRACK 


CRACK 

TO 

UIDTH RAT10(A/M)=0. 60000 OUTER 

TO INNER RADIUS RAT10(RD/RI):2. 00000 




AVERAGE 

VALUES 






kbJP/p 

KB-ZQ/PTANej 

KB~Ui*»il.5/M 

EBVU/6M 



90 . 00 



9.31607 

6.20203 



81.00 

69.32607 

7.81268 

9.19116 

6.13972 



72.00 

23.70073 

7.70085 

9.05982 

6 .07620 



63.00 

16.87090 

7.57710 

8.91626 

6.00158 



56.00 

10.22876 

7.63162 

8.76309 

3 .91620 



65.00 

7.26831 

7.26831 

8.52763 

3.80862 



36 . 00 

5.08290 

6.99601 

8.23060 

3.66055 



31.50 

6.18222 

6.82676 

8.02913 

3.56005 




RING 

SEGMENT INTERNAL CRACK 


CRACK 

TO 

UIDTH RATIO(A/U)=0. 50000 OUTER 

TO INNER RADIUS R AT 1 0 ( RO/RI ) =2 . 0 0 0 0 0 




AVERAGE 

VALUES 






KB/3/P 

KB^/PTANe^ 

KB'U«»1.5/M 

EBVU/6M 



90 . 00 



12.06770 

6 .93703 



81 . 00 

65.96565 

10.66677 

11.93688 

6 .86266 



72.00 

31.77526 

10.32662 

11.79936 

6.76299 



63.00 

20.00095 

10.19101 

11.66686 

6 .63275 



56. 00 

13.81085 

10.03617 

11.66763 

6.50315 



65.00 

9.83655 

9.83655 

11.26177 

6 . 339S5 



36.00 

6.96906 

9.56656 

10.93090 

6.11505 



31.50 

5.76802 

9.37992 

10.71990 

5.96252 




RING 

SEGMENT INTERNAL CRACK 


CRACK 

TO 

UIDTH RATIO(A/U):0. 60000 OUTER 

TO INNER RADIUS R AT 1 0 ( RO/RI ) =2 ■ 0 0 0 0 0 




AVERAGE 

VALUES 






KB^/P 

KB-Ju/PTANdj 

KB-U«fKl . 5/M 

EBVU/6M 



90.00 



16.59865 

12 . 08308 



81.00 

93.56697 

16.81639 

16.66265 

11.96153 



72.00 

65.20398 

16.68768 

16 .31963 

11 .7 9263 



63.00 

28.56613 

16.56500 

16.16109 

11.62761 



56.00 

19.78859 

16.37727 

15.97676 

11.63362 



65.00 

16.16591 

16.16591 

15. 73991 

11 . 18917 



36.0 0 

10.08079 

13-87501 

15.61668 

10.85272 



31.50 

8.38162 

13.67756 

15.19729 

10.62635 


RING SEGMENT INTERNAL CRACK 
CRACK TO UIDTH RAT IO( A/U) =0 . 7 0000 OUTER TO INNER 

RADIUS RATID(RO/RI)=2. 00000 

n 

AVERAGE 

kbVu/p 

VALUES 

KB^/PIANG^ 

KB'W*"!.: 

5/M EDVU/6M 

90 .00 
81 .00 

166.19829 

23.15552 

25.17603 

25-03299 

23.56680 

23.33025 

72.00 

70.83725 

23.01639 

26.85260 

23.10257 

63.00 

66.86960 

22.86220 

26.71590 

22.85016 

56.00 

31.21761 

22-68091 

26 .51990 

22.55567 

65.00 

22.65250 

22-65250 

26.27295 

22.17960 

36.00 

16 . 08626 

22-13508 

25.93306 

21 . 665C1 

51.50 

13.63568 

21.92670 

25.70255 

21.31572 

RING SEGMENT INTERNAL CRACK 
CRACK TO UIDTH RAT IO( A/U) =0 . 80000 OUTER TO INNER 

RADIUS RATI0(R0/RI >=2 . 00000 

®1 

AVERAGE 

KB-ZO/P 

VALUES 

KB-ZP/PTANej 

KB“I!*»1.: 

5/M EBVU/6M 

90 , 00 
81 . 00 

273.65162 

63.31069 

65.76256 

65.58997 

57.63601 

57.12810 

72.00 

132.82697 

63.15310 

65.62953 

56.75179 

63.00 

86.37096 

62.9S916 

65-25171 

56.33669 

56.00 

58.89616 

62 . 79056 

65.06271 

55.86630 

65.00 

62.56030 

62.56050 

66.77930 

55.22661 

36.00 

30.65712 

62.19591 

66.61675 

56.37589 

31.50 

25.71662 

61.96210 

66.17066 

53.79865 



TABLE 

5 

STRESS INTENSITY AMD DISPIACEMEKTS ( 

COEFFICIENTS 

FOR INTERNALLY 



CRACKED 1 

RING SEGNENTS 

UlTH RATIO OF 

OUTER TO INNER RADIUS = 2.50 




RING 

SEGMENT INTERNAL CRACK 


CRACK 

TO 

UIDTH RAT10(A/U)-0. 10000 OUTER 

TO INNER RADIUS RAT IO( RO/RI 1 =2 . 50 0 00 




AVERAGE 

VALUES 






kbVD/p 

KBTQ/PTANSj 

KB'UmmI.S/M 

EBVU/6M 



90.00 



9.79007 

0.75610 



ai .00 

18.02175 

2.85936 

9.69082 

0.79920 



72.00 

8.58937 

2.79085 

9.58695 

0.73168 



63 . 00 

5.33920 

2.72096 

9.97076 

0 .71780 



SA . 00 

3.63098 

2.63770 

9 .33976 

0.70149 



A5.00 

2.53392 

2.53392 

9.16339 

0.68099 



36 . 00 

1 .73636 

2.38989 

3.92751 

0.65266 




RING 

SEGMENT INTERNAL CRACK 


CRACK 

TO 

UIDTH RATIO(A/U)-D. 20000 OUTER 

TO INNER RADIUS RAT 1 0 ( RO/RI ) =2 . 50 00 0 




AVERAGE 

VALUES 






KB'A/P 

KB-A/PTANOj 

KB’U«*1.5/M 

EBVU/6M 



90.00 



6.28751 

1 . 58251 



81.00 

29.59596 

3.89559 

6.19929 

1.55258 



72.00 

11 .70578 

3.80399 

6 . 00385 

1.52072 



63 . 00 

7.26929 

3.70139 

5.89269 

1.98561 



5A . 00 

9.92926 

3.58132 

5.65323 

1.99939 



A5 . 00 

3.93008 

3.93008 

5.91999 

1.39235 



36. 00 

2.39086 

3.22192 

5-08591 

1.32076 




RING 

SEGMENT INTERNAL CRACK 


CRACK 

TO 

UIDTH RATIO(A/U)=0 . 30000 OUTER 

TO INNER RADIUS RATIO! RO/R I ) =2 . 50 0 00 




AVERAGE 

VALUES 






kbVEj/p 

KB'/U/PTAHd^ 

K8'M*"«1.5/M 

E8VU/6M 



90 .00 



7 . 72773 

2.71839 



81.00 

31.98398 

9.98658 

7.57263 

2.66929 



72.00 

15.01661 

9 87919 

7.90956 

2 .60795 



63.00 

9.39253 

9 . 76015 

7.22878 

2.59995 



59.00 

6.35918 

9.62021 

7.01627 

2.97039 



95.00 

9.99388 

9.993S8 

6 . 79850 

2.37706 



36. 00 

3.05239 

9.20118 

6.37993 

2.29861 





RING 

SEGMENT INTERNAL CRACK 


CRACK 

TO 

UIDTH RATIO(A/U):0. 90000 OUTER 

TO INNER RADIUS R AT 1 0( RO/R I ) = 2 . 5 0 0 0 0 




AVERAGE 

VALUES 






KB^^/P 

KB-A/PTANOj 

KB-U«»* 1.5/M 

EBVU/6M 



90.00 



9.55208 

9.91380 



81.00 

90.52959 

6.91896 

9.39058 

9.52815 



72.00 

19.39676 

6 - 3029C 

9.22077 

9.23809 



63.00 

12.11665 

6.17379 

9.05259 

9.13827 



59.00 

8-28926 

6.02250 

8.81126 

9.02091 



95.00 

5.83191 

5.8J191 

8.53293 

3.87309 



36 .00 

9.09655 

5.56960 

8.19865 

3.66951 




RING 

SEGMENT INTERNAL CRACK 


CRACK 

TO 

UIDTH RATI0<A/U):0. 50000 OUTER 

TO INNER RADIUS RAT10(RO/RI):2. 50000 




AVERAGE 

VALUES 





n 

KB’.O/P 

kbVu/ptano^ 

KB-U»«1 .5/M 

EBVU/6M 



90 . 00 



12.26336 

7 . 18902 



81 .00 

59. !2383 

8.57238 

12.09939 

7.06179 



72.00 

26 .00696 

8.95018 

1 1 - 92686 

6 . 92791 



63.00 

16.31856 

8.51973 

11-73568 

6.77957 



59 .00 

n. 22507 

8 . 15599 

11.51095 

6.60517 



95.00 

7 . 95989 

7 . 95989 

11 .22772 

6.38593 



36.00 

5.57888 

7.67867 

10.83792 

6.08297 




RING 

SEGMENT INTERNAL CRACK 


CRACK 

TO 

UIDTH RATIO(A/U):0. 60000 OUTER 

TO INKER RADIUS RAT 10 ( RO/R I ) =2 . 50 0 0 0 




AVERAGE 

VALUES 






KB'ffl/P 

KB^/PTANej 

KB-W»»1.5/M 

EBVU/6M 



90.00 



16.77895 

12.37019 



81 . 00 

76.91956 

12.18287 

16.60921 

12. 18979 



72.00 

37.09203 

12.05199 

16.93073 

11.93981 



63.00 

23.36891 

11 . 90682 

16.23285 

11.77372 



59.0 0 

16 , 15399 

11.73621 

16.00026 

11 .51969 



95.00 

11. 52129 

11.52129 

15.70721 

11.19960 



36.00 

8-15569 

11 .22535 

15.30382 

10.75909 



RING 

SEGMENT INTERNAL CRACK 



CRACK TO UIDTH RATIO(A/U)=0 . 70000 OUTER 

TO INNER 

RADIUS RATIO(RO/RI )=2. 50000 


AVERAGE 

VALUES 





kbVR/p 

KBVH/PTANej 

KB-W»wl.5/M 

CBVW/6M 

90.00 



25.36823 


23.87317 

81 .00 

120.63765 

19.10712 

25.19066 


23.59599 

72.00 

58.36980 

18.96597 

25.00399 


23.30356 

63.00 

36 -91 376 

18 .80899 

29 .79697 


22.97992 

59.00 

25.63369 

18.62395 

29.55365 


22.59996 

95.00 

18.39139 

18.39159 

29.29706 


22.12006 

36.00 

13. 12959 

18.07132 

23.82506 


21.96029 


RING 

SEGMENT INTERNAL CRACK 



CRACK TO UIDTH RATIO(A/U)=0 .80000 OUTER 

TO INNER 

RADIUS RATI0(R0/RI)=2. 50000 


AVERAGE 

VALUES 




®i 

KB-JP/P 

KB-<flJ/PTANej 

KB-WfXI .5/M 

EBVW/6M 

90.00 



95.85170 


57.85909 

81 .00 

225.79921 

35.75513 

95.63515 


57.91191 

72.00 

109.59968 

35.59319 

95.92850 


56.99072 

6 3.00 

6 9 S 0 3 ■> 0 

39 .<i l 370 

65-19936 


SA .61901 

59.00 

98.95232 

35.20267 

99 . 93009 


55.80562 

95.00 

39.93677 

39 .93677 

99.59069 


55.05275 

36.00 

25.11713 

39.57079 

99.12357 


53.96909 



TABLE 6 ■ 

-STRESS INTENSITY AND DISPLACEMENT COEFFICIENTS FOR 

EXTERNALLY 



CRACKED RING 

SEGMENTS WITH RATIO OF OUTER TO INNER 

RADIUS s 1.10000 





RING 

SEGMENT EXTERNAL CRACK 



CRACK 

TO 

WIDTH RATIO(A/U)=0.10000 OUTER 

TO INNER RADIUS RATIOCRO/RI )=1 

.10000 




AVERAGE 

VALUES 







KBVQ/P 

kb/3/ptang^ 

KB'WKKl .5/M 

EBVW/6M 




90 .00 



3.A0A99 

0.52013 




81 . 00 

112.1A35A 

17.76175 

3.39938 

0.51952 




72.00 

5A.5702A 

17.73093 

3.393A8 

0 . 518S8 




63.00 

3A. 73186 

17.69675 

3. 3869A 

0.51818 




SA.QO 

2A. 30222 

17.65659 

3.37926 

0.5173A 




AS .00 

17.60599 

17.60599 

3.36957 

0 .51630 




36 .00 

12.7A092 

17.53655 

3.3562A 

0 . S1A86 




27.00 

8.87995 

17.A2786 

3.335A8 

0.51261 




18 . 00 

5.59562 

17.22153 

3.29599 

0.50835 




11. A6 

3.A2155 

16.87819 

3.23028 

0.5012A 





RING 

SEGMENT EXTERNAL CRACK 



CRACK 

TO 

WIDTH RATIO(A/U):0 .20000 OUTER 

TO INNER RADIUS R AT 10 ( RO/R I) : 1 

.10000 




AVERAGE 

VALUES 







kb4J/p 

KB43/PTAN8j^ 

KB-U»«1.5/M 

EBVW/6M 




90.00 



A.88A35 

1 . 17530 




81.00 

160-02080 

25.3AA73 

A. 87399 

1.17107 




72.00 

77 .82883 

25.28809 

A .86310 

1.16873 




63.00 

A9.507A2 

25.22527 

A. 85102 

1 .16613 




5A.OO 

3A. 61803 

25.151A6 

A. 83682 

1 .16308 




AS. 00 

25.058A5 

25.058A3 

A. 81893 

1.1592A 




36.00 

18.11301 

2A.930A2 

A.79A51 

1.15395 




27.00 

12.60109 

2A. 73099 

A. 75597 

1.1A570 




18.00 

7.91235 

2A. 35170 

A. 68302 

1.13003 




11 .A6 

A.8086A 

23.72060 

A .56166 

1 .10395 





RING 

SEGMENT EXTERNAL CRACK 



CRACK 

TO 

WIDTH RATIO(A/M)=0. 30000 OUTER 

TO INNER RADIUS R AT 1 0 ( RO/RI ) si 

.10000 




AVERAGE 

VAUjES 







KB-IU/P 

KB^/PTANOj 

KD'U"»fl.5/M 

EBVW/6M 




90.00 



6.A15A5 

2.13729 




81.00 

209.16878 

35.12897 

6.A017A 

2.13371 




72.00 

101-731A5 

33.05AA9 

6 . 38735 

2.1299A 




63.00 

6A.7II07 

32.97191 

6 - 37139 

2.12577 




SA DO 

A5.2A8A0 

32.87A85 

6.3526A 

2.120C6 




AS. 00 

32.75258 

32.75258 

6.32900 

2.11A68 




36.00 

23 .67383 

32 .58A23 

6 .296A7 

2.10617 




27.00 

16.A68S9 

32. 3220A 

6.2A581 

2.09292 




18.00 

10.3A003 

31.82352 

6 . IA9AA 

2.06771 




11. A6 

6.28301 

30.99355 

5.98910 

2.02578 






RING 

SEGMENT EXTERNAL CRACK 




CRACK 

TO 

WIDTH RATIO(A/UI=O.AOOOO OUTER 

TO INNER 

RADIUS RATI0(R0/RI)=1 

. 10000 




AVERAGE 

VALUES 







®1 

KB-^W/P 

KBVU/PTAN0|^ 

K8-W«**l .5/M 

EBVW/6M 




90 .00 



8.34409 


3.66353 




81 . 00 

270-773AA 

42.88620 

8.32743 


3.65632 




72.00 

131.71265 

42.79596 

8.30990 


3.64873 




63.00 

83.79558 

A2.6959A 

8.29048 


5.64035 




5A.00 

58.60A1D 

42.57857 

8.26765 


3.63045 




A5. 00 

AZ.A3021 

A2.A3021 

8.23388 


3 ,61501) 




36.00 

30-67917 

42.22623 

8.19928 


3.60086 




27.00 

21.35352 

41.90862 

8.13761 


3.57417 




18 . 00 

13.4206A 

41.30443 

8.02029 


3.52339 




11. A6 

8. 169A6 

40.29921 

7.82510 


3.43892 





RING 

SEGMENT EXTERNAL CRACK 




CRACK 

TO 

WIDTH RATIO(A/U)=0. 50000 OUTER 

TO INNER 

RADIUS RATIO(RO/Rl)sl 

.10000 




AVERAGE 

VALUES 








KB>/W/P 

KB>/U/'PTANej 

KB-U^tfl.S/M 

EBVW/6M 




90 . 00 



11.11270 


6.27110 




81 .00 

358.95313 

56 .85248 

11 .09318 


6 .25929 




72.00 

17A. 65050 

56.74730 

11 .07265 


6 .246S7 




63.00 

111.1AA09 

56.63068 

11.04990 


6.23311 




5A.OO 

77.75631 

56.49364 

11.02316 


6 .21693 




AS. 00 

56 . 32058 

56 . 32088 

10.95945 


6 ,19655 




36.00 

A0.7A677 

56.08313 

10 . 94306 


6 . 16£49 




27.00 

28.38707 

55.71283 

10 .87081 


6 . 12479 




18.00 

17 .87334 

55.00847 

10.73337 


6 .04166 




11. A6 

10.91375 

53.83658 

10.50471 


5. 90335 





RING 

SEGMENT EXTERNAL CRACK 




CRACK 

TO 

WIDTH RATIO(A/U)=0. 60000 OUTER 

TO INNER 

RADIUS RATIO(RO/RI)=l 

.10000 




AVERAGE 

VALUES 








kb-Aj/p 

KBVW/PTAN6j 

KB-W‘»*1 .! 

>/M 

EBVW/6M 




90.00 



15.78628 


11 . 10609 




81 . 00 

507.6A0S7 

80.40224 

15.76516 


1 1 . 08528 




72.00 

2A7 .10435 

80.28896 

15.74294 


11 . 06539 




63.00 

157.32967 

80. 1634) 

15.71832 


11.03913 




5A . 00 

110.1323A 

80.01534 

15.68939 


11 .01062 




AS. 00 

79 .82985 

79.82935 

15.65292 


10 .97469 




36.00 

57.81330 

79.57337 

15.60273 


10.92523 




27.00 

A0.3A17A 

79.17516 

15.52455 


10.84819 




18.00 

25-47913 

78.41675 

15.37584 


10 . 70167 




11.46 

15-64085 

77.15494 

15.12544 


10.45788 



RING SECMEHf EXTERNAL CRACK 
CRACK TO WIDTH RATIO! A/U) sO . 70000 OUTER TO INNER 

RADIUS RATI0tR0/Rl)=l. 10000 

®l 

AVERAGE 

KB-fl3/P 

VALUES 

KBVU/PTANej 

KB«W««1 . 1 

5/M EDVU/6M 

90.00 

81.00 

770.64966 

122.05872 

24.07573 

24.05095 

22.41327 

22.37859 

72.00 

375-25122 

121-92653 

24 . 02492 

22.34209 

63.00 

239.00693 

121.78003 

23.99602 

22.30164 

63.00 

167.37883 

121.60785 

23.96213 

22.25409 

45-00 

121.39081 

121.39081 

23.91933 

22.19420 

36.0 0 

87 . 97858 

121.09212 

23.86049 

22.11172 

27.00 

61.46245 

120.62691 

23.76880 

21.93331 

18.00 

38.90648 

119. 74196 

25.59447 

21.73900 

11.46 

23.97559 

118.26964 

23,30437 

21.33257 


RING SEGHENT EXTERNAL CRACK 

CRACK TO WIDTH RATIOT A/W) = 0 . 80 DOO OUTER TO INNER RADIUS R AT 10 ( RD/R I ) = 1 . 1 0 B 0 0 


AVERAGE VALUES 



KB'/W/P 

KBVU/PIANej 

KB-W“»1 . 5/M 

EBVW/6M 

90.00 



43.52396 

55. 19655 

81 . 00 

1386.59009 

219.61391 

43.48787 

55.13080 

72.00 

675.31226 

219.42223 

43.44991 

55. 06168 

63.00 

430.22290 

219.20975 

43.40781 

54 . 95505 

63.00 

301.37207 

218.96007 

43.35840 

54.89502 

45.00 

218.64539 

218.64539 

43.29607 

54.73154 

36 .00 

158.54047 

218.21222 

43.21033 

54.62531 

27 . 00 

110.84087 

217.53760 

43.07671 

54.35196 

18.00 

70.26526 

216.25432 

42.82262 

53. 91919 

11.46 

43.40619 

214.11931 

42.39983 

53.14922 



TABLE 7 STRESS INTEHSITY AND DISPLACEMENTS COEFFICIENTS FOR EXTERNALLY 

CRACKED RING SEGMENTS WITH RATIO OF OUTER TO INNER RADIUS = 1.25 


RING SEGMENT EXTERNAL CRACK 

CRACK TO WIDTH R AT 10 ( A/W) =0 . 1 0 0 0 0 OUTER TO INNER RADIUS R AT 10 ( RO/R I ) = 1 . 25 0 0 0 



AVERAGE 

KB'/W/P 

VALUES 

KB713/PTAN0J 

KB-UK81.5/M 

EBVU/6M 

90.00 
SI . DO 

95.29805 

7.17999 

3.23810 

3.22999 

0.99616 

0.99953 

72.00 

21 . 9S282 

7.19269 

3.21018 

0 .99280 

63 . 00 

13 . 99895 

7.10739 

3. 19931 

0 .99089 

59.00 

9.72530 

7 . 06589 

3.17566 

0 . 98865 

95. DO 

7.01355 

7. 01355 

3.15216 

0 . 98582 

36.00 

5.09335 

6 . 99157 

3.11981 

0.98193 

27.00 

3.97979 

6.82997 

3.06992 

0.97587 

18.00 

2.19979 

6.61622 

2 .97358 

0.96933 


RING SEGMENT EXTERNAL CRACK 

CRACK TO WIDTH R AT 1 0 ( A/U ) - 0 . 2 0 0 0 0 OUTER TO INNER RADIUS R AT 10 ( RO/RI ) = 1 . 2500 fl 



AVERAGE 

KBVTJ/P 

VALUES 

KB^/PTANOj 

KB'U»«l.5/M 

EBVW/6M 

90 . 00 
81.00 

65.11728 

10 . 31355 

9.71196 

9.68797 

1.15838 
1 .15935 

72.00 

31.57958 

10.25921 

9.66328 

1.15013 

63.00 

20.01662 

10 . 19898 

9.63590 

1 . 19599 

59.00 

13.99029 

10.12818 

9.60 371 

1 ,13999 

95.00 

10.03896 

10 .0 38 96 

9.56316 

1.13300 

36.00 

7.20950 

9.91615 

9.50739 

1.12395 

27.00 

9 . 95507 

9.72989 

9.92090 

1.10857 

18.00 

3.09159 

9.36106 

9.25503 

1.08028 


RING SEGMENT EXTERNAL CRACK 

CRACK TO WIDTH R AT 1 0 ( A/U ) = 0 . SO 0 0 0 OUTER TO INNER RADIUS RATIO(RO/RI) = 1 . 25000 


90 . 00 

81 . 00 

72.00 

63.00 

59.00 

95.00 

36.00 

27.00 

18.00 


AVERAGE VALUES 

KBVrf/P KB-VD/PTANGj KD-W»'«1.5/M EBVW/6M 


85.01193 
91.21910 
26 . 12259 
18 . 18559 
13.09957 
9.59358 
6.95695 
3.95798 


13.96996 
13.39127 
13.31013 
15.21976 
13.09957 
12. 92915 
12.67150 
12 . 18192 


6.22256 
6.19056 
6.15691 
6.11960 
6.07575 
6 . 02099 
5.99999 
5.82598 
5.60065 


2.11108 
2,10089 
2.09007 
2.07619 
2.06911 
2.09693 
2.02209 
1 . 98919 
1.91210 


RING SEGMENT EXTERNAL CRACK 

CRACK TO WIDTH R AT 1 0 ( A/W ) = 0 . 9 0 0 0 0 OUTER TO INNER RADIUS R A T 1 0 ( RO/R 1 1 = 1 . 25 0 0 0 


AVERAGE VALUES 

KB’/lJ/P KBVW/PTAN6 j KB'U»»1.5/M 


EBVU/6M 


90 . 00 

81.00 109.93201 

72.00 53.50965 

63.00 33.79892 

59.00 23.59155 

95.00 16.95595 

36.00 12.17121 

27.00 8.37902 

18.00 5.19393 


17.91197 
17.32132 
17 .22191 
17 . 10396 
16 . 95595 
16.75223 
16.93991 
15.83190 


8 . 13829 
8 . 09836 
8 . 05699 
8.00996 
7 . 95539 
7 .85699 
7.79179 
7.69916 
7 . 36 399 


3.60996 
3.59292 
3.57397 
3 . 55352 
3.52998 
3.99919 
3.95799 
3 . 39256 
3.26903 


RING SEGMENT EXTERNAL CRACK 

CRACK TO WIDTH R AT 1 0 ( A/W ) - 0 . 5 0 0 0 0 OUTER TO lt^t^ER RADIUS RA T 1 0 ( RO/R I ) = 1 . 25 0 0 0 


G 


1 


AVERAGE VALUES 

KBVH/P KB^/PTAN0j KB-I’*"<1 . 5/M EBVW/6M 


90.00 

81.00 195.65909 

72.00 70.67829 

63.00 99.C9390 

59.00 31.26122 

95.00 22.59097 

36.00 16.20551 

27.0 0 1 1 , 1 7733 

18.00 6.90026 


23.06926 
22 . 96979 
22.89555 
22-7126.2 
22,59097 
22.30969 
21 . 9 3679 
21 . 23679 


1 0 . 90292 
10.85613 
10.80699 
10.75291 
10.62531 
10.60753 
10.9'-635 
10.32319 
9.99350 


6.15979 
6.15100 
6.10072 
6.0671? 
6 . 02772 
5 . 975 02 
5 . 9C960 
5.80305 
5.60036 


RING SEGMENT EXTERNAL CRACK 

CRACK TO WIDTH R AT 1 0 C A/U ) = 0 . 6 0 0 0 0 OUTER TO INNER RADIUS R AT 1 0 ( RO/R 1 ) = 1 . 2 5 0 0 0 


90.00 

81.00 
72 . 00 

63.00 

59.00 

95.00 
36 . 00 

27 . 00 

18 . 00 


AVERAGE VALUES 
KB’^T/P KB\/W/PTAN0j 


203.29219 
9S.7D525 
62.68936 
93,79706 
31.55558 
22.75993 
15. 79952 
9.78110 


32.19031 
32 .07123 
31 . 93 929 
31 .78909 
31 . 58558 
31.31999 
30 . 900 33 
30.10309 


1 5 . 38266 
15 . 32573 
15.27203 
15.20915 
15.13530 
15.09220 
19 .91906 
19,71997 
19.33932 


EBVU/6M 

11.07019 
11 .02222 
10 , 97183 
10.91597 
10 .85032 
1 0 .767 57 
10.65369 
10.97631 
10.13892 


RING SEGMENT EXTERNAL CRACK 

CRACK TO WIDTH R AT 1 0 ( A/W ) = 0 . 7 0 0 0 0 OUTER TO INNER RADIUS RAT 10 ( RO/R I ) = 1 . 2 500 0 




AVERAGE VALUES 

KBVn/P KnVw/PTANQj KB-U*!*! . 5/M EBVW/6M 


90 . 00 

81.00 309.33790 

72.00 150.32920 

63.00 95.53210 

59.00 66.72620 

95.00 98,23170 

36.00 39.7996 

27.00 29 1309 

18.00 I'j.O'j'iCO 


98. 9991 

9C.8933 

98.67600 

98.97990 

98.23170 

97.89070 

97 35960 

96.39990 


^ A . 6 1 i b U 
23 . 53890 
23.95530 
23 . 36 36 0 
23.29920 
23.07990 
2 2 , 8 2 3 9 (1 
22.33710 


22.12500 
22.09150 
21 .95360 
21.85630 
21 .79190 
21.59760 
21.39920 
21.09000 
20.50200 


RING SEGMENT EXTERNAL CRACK 

CRACK TO WIDTH R A T 1 0 t A/W ) - 0 . SO 0 0 0 OUTER TO INNER RADIUS R AT 1 0 ( RO/RI ) - 1 . 25 0 0 0 


'■'1 

90.00 
8 1.00 

72.00 
6 3.00 
5 9.00 

95.00 

36.00 

27.00 

18 .00 


AVERAGE VALUES 
■JU'l’ KB^JW/PTANe^ 


KB 


598.99927 
26 7 , 00 962 
1 6 9 . C 3 • 6 2 
1 1 8 . 7 6 3 ' 0 
85.96617 

62. 126^9 

63.21990 
27 . 12327 


86 . 95279 
86 .7 65 36 
86 . 5365 5 
86 . 2 7 9.3 3 
85.95517 
85.50399 
89.81912 
83.99231 


92 . 50757 
92.91597 
92.31969 
92.21291 
6 2 . 0 E 7 . 5 
91 . S2 9 39 
91.71169 
91.37273 
9 0 . 7 2 7 9 ■ 


59 . 16.327 
53.99297 
53.80919 
53 . 58220 
53. 302 51 
52.91796 
52.31793 
51 . 17796 


EDV:.'/6M 
59 . 32529 



TABLE 

8 

STRESS INTENSITY AND DISPLACEMENTS COEFFICIENTS 

FOR EXTERNALLY 




CRACKED RING SEGMENTS 

UlTH RATIO OF 

OUTER TO INNER RADIUS = 1.50 





RING 

SEGMENT EXTERNAL CRACK 



CRACK 

TO 

UIDTH RATIO(A/U)=0. 10000 OUTER 

TO INNER RADIUS RA T 1 0 ( RO/R I ) =1 

.50000 




AVERAGE 

VALUES 







KB^/P 

KB/U/PTAN6j 

KB-UI>«>*1 . 5/M 

EBVW/6M 




90.00 



3.01690 

0 . 46132 




81.00 

23.13881 

3.88482 

2.99169 

0 .45644 




72.00 

11 . 17928 

3.83238 

2.96519 

0.45131 




6S.OO 

7.05828 

3.59837 

2.95581 

0.44563 




SA.OO 

4.89175 

3.55408 

2.90128 

0.43896 




AS. 00 

3.50078 

3.50076 

2.85776 

0.43054 




It . 00 

2.49014 

3.42738 

2.79787 

0 .41898 




27.00 

1.88811 

3.31310 

2.70457 

0.40092 





RING 

SEGMENT EXTERNAL CRACK 



CRACK 

TO 

UIDTH RATIO(A>'U)=0. 20000 OUTER 

TO INNER RADIUS RATI0(R0/RI >=1 

.50000 




AVERAGE 

VALUES 







KB^/P 

KB-A)/PTAH6j^ 

KB'U««1.5/M 

EBVW/8M 




90.00 



4.45059 

1.08192 




81 . 00 

33.41852 

5.29297 

4.41081 

1 .07439 




72.00 

18.13580 

5.24278 

4.36899 

1 . 06646 




83.00 

10.18038 

5.18714 

4.32282 

1.05768 




SA.eo 

7.04948 

5.12175 

4.28812 

1 .04736 




45.00 

5.03934 

5.05934 

4 .19944 

1 .03435 




38.00 

3.57888 

4.92591 

4.10492 

1 . 01644 




27.00 

2-41985 

4.74923 

3.95789 

0 . 98855 





RING 

SEGMENT EXTERNAL CRACK 



CRACK 

TO 

UIDTH RATIO(A/U)=0. 30000 OUTER 

TO INNER RADIUS RA T 1 0 ( RO/RI ) = 1 

.50000 




AVERAGE 

VALUES 







kbVu^p 

KB^/PTAN0j 

KB'Wxxi.S/M 

EBVU/6M 




90 . 00 



5.93413 

2.02575 




81.00 

43.80915 

8 . 90700 

5.87330 

2.01147 




72.00 

21.04529 

8.83802 

5.81960 

1 .99644 




63.00 

13.27033 

8 . 76157 

5.75452 

1.97979 




54.00 

9.18278 

8.67188 

5.67803 

1 . 96022 




45.00 

8 . 55842 

6.55842 

5.58164 

1 . 93556 




38.0 0 

4.85171 

8.40253 

5.44897 

1 . 90160 




27.00 

3.13854 

8.15973 

5.24232 

1.84873 






RING 

SEGMENT EXTERNAL CRACK 



CRACK 

TO 

UIDTH RATIO<A/U)-0. 40009 OUTER 

TO INNER 

RADIUS RATIO(RO/Rn=l 

.50000 




AVERAGE 

VALUES 







KB-fl3/P 

KB-ZD/PTANOj 

KB-W»«1. 

5/n EBVU/6M 




90.00 



7.83J15 

3.47914 




81.00 

58.34752 

8.92456 

7.78049 

3-45029 




72.00 

27.20598 

8.83911 

7.88818 

3.41995 




63.00 

17.18185 

8.74440 

7.80382 

3.38652 




54.00 

11-88239 

8.83308 

7.50701 

3.34879 




45.00 

8.49278 

8.49276 

7.58501 

3.29697 




38.00 

8.03005 

8.29968 

7.21709 

3.22841 




27.00 

4.07564 

7.99889 

8.95558 

3. 12182 





RING 

SEGMENT external CRACK 



CRACK 

TO 

UIDTH RATIO(A/M):0. 50000 OUTER 

TO INNER 

RADIUS RATI0(R0/RI)=1 

.50000 




AVERAGE 

VALUES 






«i 

KB-ZD/P 

KB-ZU/PTANdj 

K6-UXX1.5/M EBVW/8M 




90 ,00 



10.57284 

5.97580 




81 . 00 

74.48868 

11.79782 

10.46898 

5.92380 




72.00 

35.99805 

11.89847 

10 . 39888 

5.88873 




83.00 

22.73508 

11.58412 

10.29700 

5.80790 




54 . 00 

15.76239 

11-45204 

10.17959 

5.73839 




45.00 

11.28582 

11.28582 

10.03188 

5.64828 




38 . 00 

8.05305 

11.05855 

9.82804 

5.52227 




27.00 

5-45180 

10.89977 

9.51090 

5.32910 





RING 

SEGMENT external CRACK 



CRACK 

TO 

UIDTH RAT10(A/U):0. 80000 OUTER 

TO INNER 

RADIUS RAT10CR0/RI)=1 

.50000 




AVERAGE 

values 







KB-JU/P 

K8-Jv5/PTAH0j 

KB-UXX1.5/M EBVW/6M 




90.00 



15.02785 

10-7682$ 




8 1.00 

105-87545 

18.42052 

14.9277/ 

10.87371 




72.00 

50.18102 

16.30478 

14.82254 

10.57430 




83.00 

31.74811 

18.17844 

14.70589 

10.48410 




54 . 00 

22.05758 

16 . 02582 

14.56877 

10.33456 




45.00 

15.83556 

15.83558 

14.39596 

10.17132 




36.00 

11 . 31514 

15.57395 

14.15813 

9 . 94885 




27.00 

7.72770 

15.18847 

13.78770 

9,59671 





RING 

SEGMENT EXTERNAL CRACK 



CRACK 

TO 

UIDTH RATIO(A/U):0. 70000 OUTER 

TO INNER 

RADIUS RATI0(R0/RI )=1 

.50000 




AVERAGE 

values 







KBx/ti/P 

KBVU/PTAN9j 

KB-W*»1.5/M EBWU/6M 




90 . 00 



25.28185 

21.71143 




81 . 00 

157 .13904 

24.88831 

25.15192 

21 . 55649 




72-00 

78.14708 

24.74184 

23.01546 

21.39359 




63. 00 

48.23920 

24.57909 

22.86428 

21 .21297 




54.00 

33.56717 

24.38799 

22.88651 

21.00089 




45.00 

24.14719 

24 . 14719 

22.48251 

20 . 73314 




36 . 00 

17.30315 

23.81572 

22. 15417 

20 . 38496 




27.00 

11.87171 

23.29950 

21.87397 

19.79148 





RING 

SEGMENT EXTERNAL CRACK 



CRACK 

TO 

UIDTH RAT10(A/U)=0. 80000 OUTER 

TO INNER 

RADIUS RATIOtRO/RI )=1 

.50000 




AVERAGE 

VALUES 







KBi/U/P 

KB'A4/PTAN9j 

KB-UXX1.5/M EBVU/8M 




90.00 



41.73752 

53.31734 




81.00 

275.45264 

43.82735 

41.54987 

53.00175 




72.00 

133.83370 

43.42014 

41.35254 

52.68997 




83.00 

84.76616 

43.19046 

41 .13379 

52.30214 




54.00 

59.07497 

42.92049 

40.87665 

51.88980 




45.00 

42.58028 

42.58025 

40.55266 

51.32500 




38.00 

30.59615 

42.11200 

40.10668 

50.57503 




27.00 

21 . 08549 

41.38268 

39.41205 

49.40708 




TABLE 

9 

STRESS INTENSITY AND DISPLACEMENTS COEFFICIENTS 

FOR EXTERNALLY 



CRACKED RING SEGMENTS 

UITH RATIO OF 

OUTER TO INNER RADIUS =2.00 




RING 

SEGMENT EXTERNAL CRACK 


CRACK 

TO 

UIDTH RATIO(A/U):0. 10000 OUTER 

TO INNER RADIUS RATI0(R0/RI) =2 . 00000 




AVERAGE 

VALUES 






KBVB/P 

KB-TO/PTANSj 

KB'UKi*1.5/M 

EBVU/6M 



90 .00 



2.70978 

0.41853 



B1 . 00 

12.24214 

1 . 93896 

2.67443 

0.41362 



72.00 

5.88457 

1.91201 

2.63725 

0.40845 



63.00 

3.69390 

1-88213 

2-59605 

0.40272 



54.00 

2.54220 

1.84701 

2 54761 

0.39599 



45 . 00 

1 .80276 

1 .80276 

2.48657 

0.38750 



36 .00 

1.26553 

1 . 74186 

2.40256 

0.37582 



31.50 

1 . 04208 

1.70051 

2-34554 

0.36789 




RING 

SEGMENT EXTERNAL CRACK 


CRACK 

TO 

UtOTH RATIO(A/U):Q. 20000 OUTER 

TO INNER RADIUS RA T 10< RO/R I ) =2 . 0 0 0 0 0 




AVERAGE 

VALUES 





n 

kbVB/p 

KBjn/PTAHQj 

KB-W-xl.S/M 

E8VM/6M 



90.00 



4.05786 

1.02187 



81 .00 

17.66382 

2.79767 

3.99667 

1.00769 



72.00 

8.47175 

2.75264 

3.93234 

0.99279 



63.00 

5.30438 

2.70271 

3.86102 

0.97626 



54.00 

3.63919 

2.64402 

3.77718 

0.95683 



45.00 

2.57008 

2.5700S 

3.67154 

0.93235 



36.00 

1.79332 

2.46829 

3-52613 

0.89865 



31.50 

1.47024 

2.3992# 

3.42744 

0.87578 




RING 

SEGMENT EXTERNAL CRACK 


CRACK 

TO 

UIDTH RATIO(A/U>:0.30000 OUTER 

TO INNER RADIUS RATI0(R0/R1)=2 . 00 000 




AVERAGE 

kbVQ/p 

VAUiES 

KB^U/PTAN9j 






K8-U»>il . 5/M 

EBVU/6M 



90 .00 



5.50141 

1.90659 



SI .00 

23.06711 

3.65347 

5.41255 

1 .87819 



72.00 

11 . 05014 

3.59040 

5.31912 

1.84833 



63.00 

6.90937 

3.52049 

5.21555 

1.81523 



54 . 00 

4.73244 

3.43832 

5.09381 

1 .77632 



45.00 

3-33476 

3.33476 

4.94039 

1 . 72729 



36.00 

2.31929 

3.19223 

4.72925 

1.65981 



51.50 

1.89691 


0 S.S590 

1.61400 




RING 

SEGMENT EXTERNAL CRACK 


CRACK 

TO 

UIDTH RATIO(A/U):0. 40000 OUTER 

TO INNER RADIUS R AT I0( RO/R I ) =2 . 00 0 0 0 




AVERAGE 

VALUES 

KB-ZU/PTANOj 





®i 

KBVG/P 

KB-MKKl.S/M 

EBVU/6M 



90.00 



7.36677 

3.50554 



81.00 

29.74901 

4.71177 

7.24889 

3.25656 



72.00 

14.25342 

4.63121 

7.12494 

3,20507 



63.00 

8 . 91399 

4.54190 

6.98755 

3.14800 



54.00 

6.10689 

4.43692 

6.82603 

3.0S09D 



45.00 

4.30463 

4.30463 

6.62250 

2. 99635 



36 . 00 

2.99520 

4.12254 

6 . 34238 

2.87998 



31 .50 

2.45056 

3.99895 

6.15224 

2.80100 




RING 

SEGMENT EXTERNAL CRACK 


CRACK 

TO 

UIDTH RATIOIA/M)=0. 50000 OUTER 

TO INNER RADIUS R AT 10( RD/RI) =2 . 00 0 0 0 




AVERAGE 

VALUES 





“i 

kbVu/p 

KBVU/PTANe^ 

KB'WKMl .5/M 

EBVU/6M 



90.00 



10.05509 

5.74891 



81.00 

39.09540 

6.19209 

9.90736 

5.65547 



72.00 

18.75853 

6.09502 

9.75203 

5.55721 



63. 00 

11.75095 

5.98740 

9.57985 

5.44829 



54. 00 

8.06684 

5.86090 

9.37744 

5.32026 



45.00 

5.70149 

5.70149 

9.12239 

5.15893 



36 . 00 

3.98297 

5.48209 

8.77135 

4.93687 



31 . 50 

3.26817 

5.35317 

8.53307 

4.78615 




RING 

SEGMENT EXTERNAL CRACK 


CRACK 

TO 

UIDTH RATIO(A/U)=0. 60000 OUTER 

TO INNER RADIUS RAT IO( RO/Rl ) =2 . 000 0 0 




AVERAGE 

VALUES 






KBi^/P 

KB-JB/PTAN 3j 

KB-MKWl ,5/M 

EBVU/6M 



90 . 00 


14.40894 

10.49678 



81.00 

53.90140 

8.53713 

14.22856 

TO . 35985 



72.00 

25.92435 

8.42334 

14.03890 

10.21586 



63.00 

16.28415 

8.29719 

13.82866 

10.05626 



54.00 

11.21600 

8.14890 

13.58151 

9.86863 



45.00 

7.96205 

7.96205 

13.27008 

9.63221 



36 .00 

5.59791 

7.70486 

12.84144 

9.30680 



31.50 

4.61457 

7.53030 

12.55049 

9.08594 

CRACK 

TO 

N.OTN RATIO, oS'iI'r"?^ i"k*nI5 RAO.NS RAT 1 0 C ROARI , -2 . 



■=1 

AVERAGE 

KBaW/P 

VALUES 

KB^/PTAHGj 

KB'M«*1.5/M 

EBVU/6M 




22-59163 

21.23659 



90 .00 

81.00 

72.00 

63.00 
54 .00 

45.00 

36.00 
31.50 

81.17862 

39.14133 

24.65630 

17.04108 

12.15184 

8.59957 

7.12204 

12.85741 

12,71779 

12-56502 

12.38109 

12-15184 

11.85629 

11.62212 

22-36069 
22.11789 
21 .84871 
21.53232 
21-13361 
20.58481 
20.21236 

20 . 96230 
20.67386 
20.35413 
19.97826 
19.50467 
18.85280 
18.41034 

CRACK 

RING SEGNEHI tXtERHAI CRACK RATIO(RO/RI ) =2 ■ 

TO UIOtH RAnO(A/U) = (l CEIlOO "> 




AVERAGE VALUES 
kB'JD/p kb-Ju/ptamo, 

KB“W»"1.5/M E8VU/6I1 





4l .42943 

52.68435 



90.00 

81.00 

72 .00 

63.00 

54.0 0 

45.00 

36.00 
51 . 50 

142.67728 

68.95938 

43.53107 

30.17315 

21.59685 

15.36581 

12.77407 

22.59778 
22.39972 
22. 18015 
21.92206 
21.59685 
21.14919 
20 .84537 

41.08693 
40.72681 
40.32758 
59.85831 
39.26700 
38.45308 
37 . 90067 

52.10941 
51.50490 
so .83481 
50.04706 
49.05449 
47.68828 
46.76099 



TABLE 10 STRESS IMTENSITY AMD DISPLACEMENTS COEFFICIENTS FOR EXTERNALLY 
CRACKED RING SEGMENTS UlTH RATIO OF OUTER TO INNER RADIUS = 2.5i 


RING SEGMENT EXTERNAL CRACK 

CRACK TO WIDTH RATIO! A/W) = 0 . 1 0000 OUTER TO INNER RADIUS R ATI 0 ( RO/R I) =2 . 50 00 0 


AVERAGE VALUES 

K8^/P KB-JU/PTANOj^ K8-U»*fl.5/M 


EBVW/6M 


90.00 

81.00 

72.00 

6 3 .00 

59.00 

45.00 

36 . 00 


.61043 
.11979 
.57242 
. 75893 
.23663 
.85716 


1.36375 
1 . 33860 
1 .31072 
1.27794 
1.23663 
1 .17978 


2.48465 

2.44182 

2.39678 

2.34685 

2.28816 

2.21420 

2.11241 


0.38703 
0 . 38129 
0 . 37526 
0 .36857 
0.36071 
0 . 35081 
0.33717 


RING segment external crack 

CRACK TO WIDTH RA T lOt A/U) ^0 . 20000 OUTER TO INNER RADIUS R AT 1 0 ( RO/R I ) =2 . 500 0 0 


n 

AVERAGE 

kbVD/p 

VALUES 

KBVm/PTANOj 

KB'M<«<‘1.5/M 

EBWU/6M 

90 . 00 

81 . 00 

12.45324 

1.97259 

3-77303 

3.69708 

0 . 96481 
0 . 94750 

72.00 

5.93929 

1.92979 

3.61723 

0.92931 

63 .00 

3.69475 

1 .88256 

3.52S7I 

0 .90913 

54.00 

2.51472 

1 .82705 

3.42465 

0.88541 

45.00 

1.75710 

1.75710 

3.29353 

0.85553 

36.00 

1.20665 

1.66081 

3.II305 

0.81440 


RING 

SEGMENT EXTERNAL CRACK 



CRACK TO WIDTH RAT IO( A/W) = 0 . 30000 OUTER TO INNER RADIUS R AT 10 ( RO/RI) = 2 . 5000 0 


' KBVD/PTANO, 


KB-M«»1.5/M 


E8VW/6M 


90 , 00 

81.00 16.30704 

72.00 7.76394 

63.00 4.82018 

54.00 3.27256 

45.00 2.27895 

36.00 1.55701 


2.58278 

2-52265 

2.45600 

2.57765 

2.27895 

2.14304 


4.96097 

4.82990 

4.67582 

4.48167 

4,21443 


1.81565 
1.78107 
1.74472 
1 .70442 
1 .65704 
I . 59735 
1.51518 


RING SEGMENT EXTERNAL CRACK 

CRACK TO WIDTH RAT IO( A/'U) = 0 . 40000 OUTER TO INNER RADIUS RAT 10 ( RO/RI ) =2 . 5000 0 



AVERAGE 

KB'TO/P 

VALUES 

KEVO/PTAMOj 

KB'UM»«l.5/M 

EBVW/6M 

90.00 

81.00 

21 . 01578 

3.32857 

7,03633 

6.88432 

3 .19583 
3.13106 

72.00 

10.00643 

3.25128 

6.72447 

3. 06295 

63.00 

6.21287 

3.16561 

6.54729 

2.98745 

54.00 

4.21847 

3.06490 

6 . 33899 

2.89869 

45.00 

2.93800 

2.93800 

6.07652 

2.786B5 

36.00 

2.00768 

2.76333 

5.71527 

2.63292 


RING 

SEGMENT EXTERNAL CRACK 



CRACK TO WIDTH RATIO! A/M) =0 . 50000 OUTER TO INNER RADIUS RATIO! RO/RI ) =2 . 500 0 0 



AVERAGE 

kb/m/p 

VALUES 

KBVR/PTAN0| 

KB-W»*1.5/M 

EBVW/6M 

90 .00 
81 . 00 

27.47765 

4.35203 

9.68712 

9.49188 

5.62766 

5.51062 

72.00 

13.10449 

4.25790 

9.28660 

5 . 38755 

63.00 

8.15183 

4.15356 

9.05902 

5.25113 

54.00 

5.54806 

4.03090 

8.79151 

5.09077 

45.00 

3.87635 

3.87635 

8.45442 

4.88869 

36.00 

2.66178 

3.66362 

7.99045 

4.61055 


RING 

SEGMENT EXTERNAL CRACK 



CRACK TO WIDTH RATIO! A/M) =0 . 60000 OUTER TO INNER RADIUS R ATIO ( RO/RI ) =2 . 50 0 00 


AVERAGE VALUES 

K8^/P KB^/PTANO^ KB~Umm1.5/M 


EBVU/6M 


90 .00 

81.00 37.51105 

72.00 )7. 940)1 

63.00 11.19646 

54.00 7.65110 

45.00 5.37484 

36.00 3.72104 


5.94116 

5.82910 

5.70488 

5.55884 

5.37484 

5.12156 


13.95096 

13.70510 

13.44660 

13.16004 

12.82318 

12.39870 

11.81446 


10 .34590 
11.04417 
9.93203 
9.69689 
9.42047 
9.07215 
8.59273 


RING SEGMENT EXTERNAL CRACK 

CRACK TO WIDTH RAT 10! A/U) = 0 . 70000 OUTER TO INNER RADIUS RATIO! RO/RI) =2 . 50 0 00 



AVERAGE 

KB'/Q/P 

VALUES 

KB'AI/PTANej 

KB-W*i*l . 5/M 

EBVU/6M 

90 .00 

81 . 00 

SS. 78148 

8.83490 

21.95084 

21.62766 

21 .01714 
20 . 64525 

72.00 

26 . 76378 

8.69606 

21.28785 

20 . 25423 

63 . 00 

16.76500 

8.54220 

20.91112 

19.82074 

54 .00 

11.50836 

8.36131 

20.46831 

19.31119 

45.00 

8.13337 

8-13337 

19.91031 

18.66910 

36.00 

5.68130 

7.81964 

19.14229 

17.78534 


RING SEGMENT EXTERNAL CRACK 

CRACK TO WIDTH RATIO! A/W)sO .80000 OUTER TO INNER RADIUS RATIO! RO/R I ) =2 . 500 0 0 



AVERAGE 

KB^O/P 

VALUES 

KB'ffl/PTANdi 

KB-M»H.5/M 

EBVW/6M 

90.00 

81.00 

99.00940 

15.68151 

41.35901 

40.89049 

52.51659 
51 .71660 

72.00 

47.68129 

15.49259 

40.39766 

50.87549 

63.00 

29.99486 

15.26316 

39.85175 

49.94304 

54.00 

20.69658 

15.03697 

39.20978 

48.84691 

45.00 

14.72674 

14.72674 

38.40088 

47.46576 

36.00 

10.38938 

14.29975 

37.28745 

45.56473 



TABLE 11. - Values of the dimensionless stress intensity 
coefficient for radially cracked ring segments in 
three-point bending with R1 = 45°. 


a/W 

Interna 

1 Crack 

Straight® 

Bar 

External Crack 



2.5 

1.1 

1.0 

1.1 

2.5 


Dimensionless Curvature 


(Ro - R 

i ) /Ri 


(Ro - 

Ri)/(-Ro) 


1.5 

0.1 

0 


-0.6 



KB(W 

- a)3/2/M(a/W)l/2 


0.0 



11.932 



0.1 

11.241 

10.025 

9.147 

9.097 

5.978 

0.2 

8.663 

8.134 

7.519 

7.710 

5.270 

0.3 

7.216 

7.059 

6.506 

6.767 

4.792 

0.4 

6.270 

6.254 

5.825 

6.054 

4.465 

0.5 

5.614 

5.639 

5.325 

5.495 

4.227 

0.6 

5.130 

5.111 

4.927 

5.112 

4.049 

0.7 

4.762 

4.749 

4.596 

4.698 

3.910 

0.8 

4.459 

4.390 

4.321 

4.330 

3.840 

0.9 



4.110 



1.0 



3.980 




^Reference 3 
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